Role of tumor necrosis factor alpha in particulate-induced bone resorption.
The purpose of this study was to determine the role of tumor necrosis factor alpha in bone resorption secondary to mediator release from macrophages exposed to cement particles. The J774 mouse macrophage cell line was exposed to polymethylmethacrylate particles for 24 hours and the resulting conditioned medium was analyzed for prostaglandin E2, tumor necrosis factor alpha, interleukin-1 alpha and beta, and the ability to stimulate release of prostaglandin E2 and 45Ca from radiolabeled mouse calvaria. Macrophage exposure to polymethylmethacrylate particles led to a 9-fold increase in release of tumor necrosis factor alpha (p < 0.01), but did not lead to a significant increase in release of prostaglandin E2, interleukin-1 alpha, or interleukin-1 beta when compared to unexposed cells. Exposure of the macrophages to polymethylmethacrylate particles over a time course from 30 minutes to 96 hours led to an increase in the release of tumor necrosis factor alpha that was initially detected at 30 minutes and was maximum at 48 hours. Incubation of the macrophage-polymethylmethacrylate conditioned medium with rat calvaria significantly increased the release of 45Ca and prostaglandin E2 from the bone. To study the role of release of tumor necrosis factor alpha in bone resorption, the macrophage-polymethylmethacrylate conditioned medium was then preincubated with anti-tumor necrosis factor alpha antibody prior to exposure of the conditioned medium to the calvaria. This preincubation was successful in significantly inhibiting 45Ca release by calvaria (p <0.01) to levels that were not significantly different from the levels of release by unexposed calvaria. Tumor necrosis factor alpha appears to play a critical role in initiating particulate-induced bone resorption. Exposure of macrophages to polymethylmethacrylate particles leads to a significant release of tumor necrosis factor alpha in a time-dependent fashion. This macrophage-polymethylmethacrylate conditioned medium stimulated release of prostaglandin E2 and bone resorption in bone organ culture. The addition of anti-tumor necrosis factor alpha antibody to this in vitro system inhibited the bone resorption stimulated by the macrophage-polymethylmethacrylate conditioned medium and partially suppressed the production of prostaglandin E2. The sequence of events in this model for particulate-induced bone resorption appears to be initiated by the production of tumor necrosis factor alpha by the macrophage, followed by production of prostaglandin E2 by cells in bone, and then by bone resorption.